When green leaves, which assimilated "4CO2, or their chloroplasts were treated with various procedures of disintegration and fractionation, the largest proportion of newly formed ("young") molecules of Chl a and b were found in the pigments of the lightest particles, which remained in the supernatant after centrifugation at 144,000g. In a series of sediments, the SA' of Chl b usually increased from the larger to smaller particles; for Chl a, an increase in SA was observed in the case of mild disintegration with a low yield of small fragments. The pigment pools of the lighter fractions were also enriched in Pchlide and Chlide. Thus, the machinery, which accomplishes Chl biosynthesis, at least in its final steps, is preferentially located at definite loci of the chloroplast structure. We proposed to call them centers of Chl biosynthesis (24, 26, 27, 29, 34) .
114Cjchlorophyl a. Thus, particles of aUl the types are involved in chlorophyll formation and the fifth zone is the most distinct in this respect. Its material seems to origiate from the most intensely developing areas of the metabolically heterogeneous chloroplast membrane system. When green leaves, which assimilated "4CO2, or their chloroplasts were treated with various procedures of disintegration and fractionation, the largest proportion of newly formed ("young") molecules of Chl a and b were found in the pigments of the lightest particles, which remained in the supernatant after centrifugation at 144,000g. In a series of sediments, the SA' of Chl b usually increased from the larger to smaller particles; for Chl a, an increase in SA was observed in the case of mild disintegration with a low yield of small fragments. The pigment pools of the lighter fractions were also enriched in Pchlide and Chlide. Thus, the machinery, which accomplishes Chl biosynthesis, at least in its final steps, is preferentially located at definite loci of the chloroplast structure. We proposed to call them centers of Chl biosynthesis (24, 26, 27, 29, 34) .
In this way, the metabolic heterogeneity of Chl discovered earlier (24) turned out to be a manifestation of the heterogeneity ofthe photosynthetic membrane structure. Its importance was also revealed from the differences in the incorporation of young molecules into the light-harvesting and photosynthetic reaction center complexes during their turnover discovered first in bacteria (30, 31) and then in higher plants (3) as well (cf review in ref. 27 ).
The concept of centers of Chl biosynthesis was supported in the studies with etiolated leaves. Aggregated forms of Chl, whose importance had been most clearly demonstrated by Krasnovsky 'Abbreviations: SA; specific activity; DG, digitonin; PAGE, polyacrylamide gel electrophoresis; ALA, 8-aminolevulinic acid; ALA-Pchlide:
Pchlide synthesized by a plant from exogenous ALA. (17, 18) and Litvin (19) , were found to arise at such an early stage of greening when the total Chl did not exceed the amount of initial Pchlide, which was also aggregated so that early on it gave rise to a group of Chl a and Chl b with efficient energy transfer between their very first molecules (7, 13, (27) (28) (29) .
The investigation here was undertaken to relate the distribution of the centers of Chl biosynthesis to an unusual set of submembrane components obtained in our laboratory with the use of DG-PAGE. They represent specific intramembranous associations of different pigment-lipoproteins which, all together, car,y the whole Chl pool of the chloroplast and are able to perform the primary photochemistry of photosynthesis. The leaves were ground in one of the above solutions and squeezed through four layers of nylon cloth. The resulting homogenate was centrifuged at l,000g for 20 min. The sediment was resuspended in the same medium and centrifuged as before. The final sediment was used as chloroplasts. The supernatant fluids from the two centrifugations were combined and fixed with 4 volumes acetone. In the experiments with electrophoretic fractionation, the supernatants were discarded and the chloroplasts were suspended in 5 mm Tris-HCl buffer (pH 7.6) (24) and Pchlide in the appropriate fraction was determined as described (16) . To (Fig. 1) , none of them being free Chl (10) . The threshold concentration of DG was 0.5%; above that, up to 8% only the rate of disintegration increased, but the amount of Chl in each zone and the spectra remained unchanged (11), just as in the case of a longer DG treatment (8, 9) . Most of the DG-PAGE particles inherited the wavelengths of the initial fluorescence maxima, when obtained from plants of different taxons (9) . In addition, the materials of all but one of the zones were photochemically active. Thus, separation of the particles occurs at specific border-lines within the membrane and they correspond to its inherent components.
MATERIALS AND METHODS
Having been eluted from the gel and subjected to negative staining, most of the particles had a size of 120 A and mol wt of about 1 to 2 x 106 daltons. By further treatment with SDS and additional PAGE, the same Chl-protein complexes may be isolated from the "DG-PAGE particles" as from the chloroplasts treated with SDS directly, though each type of particles had its own proportion of P-700-Chl a-protein and light-harvesting complexes. Therefore, the DG-PAGE particles represent a new intermediate level of membrane organization (9, 11) . Thus, the particles of zones 3 and 4 are enriched in PSI, which is absent from zone 5. The delayed luminescence of both photosystems and the P-700 content in the electrophoretic zones were scanned (6) and it was found that zones 1 and 2 contained both photosystems, PSII being dominant. Zone 5, lacking a photochemical activity, had an especially high (95-100%) efficiency of energy transfer from carotenoids to ChM and seems to represent the material with a light-harvesting function. On the other hand, its absorption and fluorescence peculiarities and the absence of taxonomic specificity in the spectra demonstrate especially high lability. In addition, this zone contained 2 times less Chl on the protein basis than did the others.
The DG-PAGE particles have already been partly characterized as regards Chl biosynthesis (10, 12 4 h without ALA), and this amount was fully preserved in the chloroplast preparations. The limited quantity of ALA-Pchlide seems to be properly arranged in the membrane structure and, for the excess, an insufficient quantity of the proper sites is available. A similar conclusion was made based on some other approaches (20, 33) .
On this basis, 4-h dark incubation of green leaves with 2 mm ALA was used to investigate the Pchlide to Chl a ratios in various DG-PAGE particles. In a typical experiment, the following values were obtained for zones 1 to 5: 4, 5, 10, 6, 16 (x 10-3). A similar sequence for Pchlide in experiments without exogenous ALA (12) was found as 1.6, 2.7, 1.7, 1.6, 5.1 (x 10-3). In both cases, zone 5 was most highly enriched in Pchlide, as compared with all the others, among which either zone 3 or zone 2 was also somewhat 
